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(57) ABSTRACT

A liquid-droplet ejecting apparatus including: a head config-
ured to eject liquid onto a recording medium; a curl-amount
calculating section configured to calculate a curl amount of
the recording medium on the basis of a location of at least one
evaluation region on the recording medium and calculated
amount of the liquid and the calculated number of liquid
droplets to be ejected for the at least one evaluation region;
and a curl suppressing section configured to change the evalu-
ation ejection data for the at least one evaluation region on the
basis of the calculated curl amount of the recording medium
s0 as to change the amount of the liquid and/or the number of
the liquid droplets to be ejected onto at least the at least one
evaluation region on the recording medium to suppress the
curl of the recording medium.

5,011,302 A * 51992 Chan et al. woooooooovcoc. 358/534
6,213,579 B1* 4/2001 Cornelletal. .................. 347/14 12 Claims, 9 Drawing Sheets
FIRST EVALUATION THIRD EVALUATION| FOURTH EVALUATION |FIFTH EVALUATION [SIXTH EVALUATION
REGION SECOND EVALUATION REGION REGION RECION REGION RECION
L1
1 ]
™1 1
T N
1 il N
0 / T | A
] 1 SENEBRY]
|
I
o ‘
99 7 BVALUATION REGION

98



US 9,403,391 B2

Sheet 1 of 9

Aug. 2,2016

U.S. Patent

m: mt az)
¥0l) | |
| 86
20l——~_| :\_. N
: Y o / ﬂﬁ |
a3 M ez W €0l M
=% ,_@H.@H-%,w@dwfwﬂ&/: |
87— ,_ 7 ,
¢}
09 N w Am b
67—
IO ) @ [ronmon
1
b
|
1oL’ 44 e\
/ I'OI4




US 9,403,391 B2

Sheet 2 of 9

Aug. 2, 2016

U.S. Patent

Y1VQd NOILDEME NI NOLLOAS A9VH01S
YLVANOILDAMESINT [
0D woé:%ﬁiww &
N i
el LS Qe ) | V9 NOLLOZS ONUNOOD  r |
R OIIDHS- %014
0) avad anon JG INNOWY QINDIT ANV 76
ONIAY0OY SINGWLVRLLY 7 & [ MEaiON TTd0NG-ainolT 79
e NOILOHS 4OVI0IS VIva : . \
b e NOLEDA(A WO FINAAL YL NOLLES DNINIOO DRI/~ A
ONIGIODHY VLV zoa%%_ INNORY %%ﬂm L9 VIVA-4OVII
m_j . ~INIALYEIL L91d0HG-INOTT| | NORTARS V1Va 2OV
Waval | TNO-AINOT
LAR NOILDHS DNISSAN0Ud
m—ozamoomm v \Sm zoaom_ﬁ zoa:h_mm,%m%m
— NOLLDAS ONLLY TN T — | | NOLLOHS DNISS04d
(&) dvaH NOHLHS INITIQUINGO ¢ INTORG- RS \_¢9 NOLLOHHN0D-VIWAYS
ONIQIO0HY . qiG  LNIOAY NOILDAS ONISST00ud
\ TND TOVNIIALSVY
avaH Q0T NOILJES ONITIORINGD | NOLLJAS NOILOES DNIDAAONd
~INTNLVEL QYHH-QNOTT-INTRLYARL uzammw&:w D /éw VLYA-NOLLOAH-SINI
NOLLDHS A
- e ) S\ ONITIONINOD Q¥aH [& "~ ""—"" _ _ \
AMHOSC g 0¢ / P — €S
NOILDES ONITIONLINCD N L ANaNAONd
IO FONVAIANOD /mm
AONYAIANOD
e
oo J< Yo
ON £l 0G
1/1.
43 LNV NOWLVEEdO T 0d
08 L [
> 7 .
T ¢ DI




U.S. Patent Aug. 2, 2016 Sheet 3 of 9 US 9,403,391 B2

FIG.3A Black FIG3B Cyan
a b ¢ d e f a b ¢ d e f
1 MIM|M| 1
2 M 2
3 LM 3
4 4 M
5 5 LIM
6 6 |
FIG.3C Magenta FIG.3D vellow
a b ¢ d e f a b ¢ d e f
1 1
2 2 S|S
3 3 S8
4 S 4 S SIS /]\\99
5 LM S L{M|{S|M| |CONVEYANCE
6 MISIM 6 DIRECTION




U.S. Patent Aug. 2, 2016 Sheet 4 of 9 US 9,403,391 B2

LIQUID DROPLETS AND AMOUNT OF
LIQUID ON EVALUATION REGION

v
STORING NUMBER OF LIQUID

DATA CORRESPONDING ~ 99

ONE PAGE HAS BEEN
OBTAINED? DROPLETS AND AMOUNT OF LIQUID
ON EVALUATION REGION

YBS | v \.513

START OF TRANSMISSION
C START OF INK EJECTION DATA
S1 OBTAINING DATA e |
" COUNT PROCESSING EXECUTED FOR
| EACH EVALUATION REGION BY ‘
| EVALUATION-REGION-SPECIFIC :
S2 COUNT | COUNTING SECTION !
5 ( START ) i
CORRESPONDING TO CERTAIS 3 E N s
A NO™BLOCK HAS BEEN OBTAINED? | _ NUMBER OF LIQUID :
|~ DROPLETS AND AMOUNT OF LIQUID ___ !
W | \o<ON CORRESPONDING BLOCK(S] HAVE™ !
: “T~BEEN DETERMINED?™ s12!
STORING NUMBER OF LIQUID : ;
S4 | DROPLETS AND AMOUNT OF LIQUID| S !
; CALCULATING NUMBER OF ] !

5 C END )

OBTAINING NUMBER OF LIQUID {
S6 | DROPLETS AND AMOUNT OF LIQUID | -mmmmm e e '
ON EACH EVALUATION REGION

S7 CALCULATING ESTIMATED
CURL AMOUNT

CHANGE OF
INK EJECTION DATA IS
REQUIRED?

YES

NO

S8

SQ| CHANGING INK EJECTION DATA ALLOWING RECORDING BASED | o4 1

ON INK EJECTION DATA
w0

|




U.S. Patent

FIG.5

Aug. 2, 2016 Sheet 5 of 9

AN

US 9,403,391 B2

FIG.6A
L1 L2 L3 L4 Ls
N N N
1 LJ | L L _

NUMBER OF LIQUID DROPLETS AND
AMOUNT OF LIQUID ON THIS BLOCK
IS DETERMINED AT THIS TIME




U.S. Patent Aug. 2, 2016 Sheet 6 of 9 US 9,403,391 B2

REGION

REGION

REGION

REGION

THIRD EVALUATION| FOURTH EVALUATION [FIFTH EVALUATION [SIXTH EVALUATION

=z
S
5
=
S 2
S =
& =
= <
s 3
= =
= m
= =
= N
m :Q
S
S
[&d]
[2p]
= 0
S S
= OO,
< DRINTNINN
== N
e =22 ‘ ok
. 2 AMnnes
= N S
@) 2 1 ARhRNNRRN
~ £ TNt
o
(1. 5




Bk 21pl

-0- Bk 14pl
- Bk 7pl
-o- Bk 4pl

——

US 9,403,391 B2

90+

W

\\\\\.

Y
2

X

\

-

\

.

N

1
(

90+

:

R

.

D

e,

N\
\\\\\\‘

N

-

B

.

N
W

N

\

X
N

LIQUID-DROPLET NUMBER

\\,

N

Sheet 7 of 9

Aug. 2,2016

AND CURL AMOUNT ON FIRST EVALUATION REGION

RELATIONSHIP AMONG LIQUID AMOUNT

50% 60% 70% 80% 90% 100%

LIQUID AMOUNT

40%

30%

U.S. Patent
FIG.8

YHANNN 1H 1dOdd-AINOT1

20%

10%




US 9,403,391 B2

Sheet 8 of 9

Aug. 2, 2016

U.S. Patent

FIG.9

RELATIONSHIP AMONG LIQUID AMOUNT, LIQUID-DROPLET NUMBER,

AND CURL AMOUNT ON FOURTH EVALUATION REGION

=
= =
2EEE| |2 S5
— <r Mo H N - o meO
< 5 S S0Z
]
agg| |3 AL =
>
¢oFe | @ =
H R jas)
= =®
0 i 1 T 1 T T T 1 s T 0
9. _ | 1 \ 1 ! [ 1 ' m
- 1 R s T A T
\S> I i | ' 1 | ' ) [£a]
S B I Bt B e e e s s Ity R I 2.
S R T R P =5
O 1 1 1 | 1 i == fry—
(«2 0] 1 ] L L | 1 = WC
' I I 1 1 1 ] 1 los) E
_ S R U T N S Anmllom
I|ML,I1 II"lI\ I_ll t l_ I.I CD
.OJA | 1 1 | ] ==
i T T T T T o [
) i \ 1 ' [and
i} t t I |
%Wl O WW WD
O
m DD DINRID
= X
2 =) DI w wiw
5
%@ N NIV W
=5 A
<p
R - N MO = 0 ©
o
R
[an)
(]
==
= o
nﬂ ™
s o8 .
5 5 £ & 5 & ¢ &
@ <+ & —
YAGNNN 1A1d0da-AINOIT (T,




US 9,403,391 B2

Sheet 9 of 9

Aug. 2, 2016

U.S. Patent

V.LYa NOLLDATH YNI NOLLJAS AOVHOLS
\wm VLVANOLLOA[H-MNI
NOILOES ONIJNA0Nd VLva Va 19
NOLLALE ANOIT-INGNIVANL | G OTRESN
El~_ VLV NOLLA OIIDHIS-MO0Td [« === "" 1
OICE iy /48 INNOWY QDI ONY Z5
ONIGNODHY ¥AGANN [31d04a-QINOIT
NOILOES HOVIOIS VIVa 79
Bl~, -NOUAI QINOTT-INERIVAAL | g (NOTLOHS ONANOD DHDaas)
TA) QvaH VLYQ NOLLOA[T ROBR-NOLYTYAT J9 ORISR
DNIQOOT_[< o INQOWY dINOIT e VIVQ-ADVAI
e (NY SHAWOAN) - FNOTLVNOANT
b~ NOLLOHS DNISSHO0Nd 1A1dONA-CAINOIT] | NOLLVIHNNOD VIVA OV
Waval NOLALIOA OUNTSd WO | yival [ TNomoES DNSGII0NM
L _‘ozamouwm \m 1S zo:um_m 4 | | L NOISAAIG-HORIA
5 NOILOAS ONSSI00Ud
@ avail L NOLLOHS DNITIOWINGD | NOLLOHS INLLY 0LV N NOLLBIOD-VAYD
ONIQIOOHY dvaH-ONId¥008H qic INONY NOILDAS DNISSA00dd
TN ADVII-NALSYY
QvaH QoI NOILOHS ONITIORINGD NOILDES NOLLOAS ONIDNAOdd
—INANLYERL QVAH-QINOIT-INGRLVANL ONISSHYANS TNO /vw VLVA-NOLLOAIE-INT
NOILDHS X
£\ \vm »ﬂ 5\ ONITIONINOD QVaH [€ -~~~ _ _ _ w
mo%ww%mﬁ%m 0 L TN — g
NOTLDHS ONITIONINGD Ny R IOt
TSIOR HONYAFANOD /%
AONVATANOD
¢e /
SONEASANO? [ 00}
HONVA: g £l 0§
(43 S awa Nouvaado od
TN
ATddNS-If .
1 1T°DI4



US 9,403,391 B2

1

LIQUID-DROPLET EJECTING APPARATUS,
METHOD FOR CONTROLLING THE SAME,
AND NONVOLATILE STORAGE MEDIUM
STORING PROGRAM FOR CONTROLLING
THE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
Patent Application No. 2011-018736, which was filed on Jan.
31, 2011, the disclosure of which is herein incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid-droplet ejecting
apparatus configured to eject droplets of liquid such as ink to
form an image on a recording medium, a method for control-
ling the apparatus, and a nonvolatile storage medium storing
aprogram for controlling the apparatus, and more particularly
to a technique for suppressing a curl of the recording medium
on which the liquid is attached.

2. Description of the Related Art

As one example of a liquid-droplet ejecting apparatus,
there is known an ink jet printer configured to eject ink onto a
recording medium such as a paper sheet, a cloth, and a film to
record or form an image thereon. Water-based ink containing
water (water content) as a solvent may be used in the ink jet
printer. In this case, the water contained in the ink may cause
a curl of the recording medium on which the ink has been
attached, after the image recording. A state and an amount of
the curl vary depending upon a state of the ink laying on the
recording medium. In general, the curl is easily produced in a
case where a difference of an amount of water becomes
relatively large between a front side and a back side of the
recording medium by the ink attached on the recording
medium. When the curl has been produced on the recording
medium, the discharged recording media may not be stacked
orderly, and the recording medium may be bent and/or scat-
tered. In order to solve these problems, it is preferable to
estimate the curl of the recording medium accurately and
suppress the curl appropriately. Thus, there is proposed a
method for calculating, for each area defined on the recording
medium, an amount of the liquid to be ejected by a liquid-
droplet ejecting apparatus onto the area, and for estimating a
state of the curl of the recording medium on the basis of a
position of the area and the amount of the liquid to be ejected
on the area.

SUMMARY OF THE INVENTION

Even where the same amount of the ink is ejected on the
recording medium, a manner in which the curl is produced on
the recording medium is different between a case where the
ink is ejected on an entire recording medium and a case where
the ink is ejected on a part of the recording medium. Thus, in
the above-described proposal, a certain area is set on the
recording medium, and the state of the curl of the recording
medium is estimated on the basis of a position of the certain
area on the recording medium and an amount of the liquid to
be ejected on the certain area. However, the inventor of the
present invention has newly found that, where a certain area is
set on the recording medium, the amount of the curl of the
recording medium is affected by the number of the liquid
droplets to be ejected on the certain area in addition to a
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position of the certain area on the recording medium and an
amount of the liquid to be ejected on the certain area. Further,
the inventor has found that the number of the liquid droplets
to be ejected onto the certain area has a considerably great
effect on the amount of the curl of the recording medium. A
cause of this is presumed that the number of liquid droplets
and an amount of the liquid per unit area on the recording
medium do not always correspond to each other in a liquid-
droplet ejecting apparatus configured to produce or perform a
tone (gradation) representation on the basis of a size of the
liquid droplet. Accordingly, the method in the above-de-
scribed proposal does not always estimate the amount of the
curl of the recording medium accurately. If the estimate
amount of the curl of the recording medium is not accurate,
when the curl is corrected on the basis of this estimated
amount, the correction may be not enough, and a greater
length of time and/or a greater amount of energy than neces-
sary may be required for the correction.

This invention has been developed in view of the above-
described situations, and it is an object of the present inven-
tion to provide: aliquid-droplet ejecting apparatus configured
to accurately and speedily estimate an amount of a curl of a
recording medium on which an image is formed, on the basis
of'the above-described findings, and to prevent the curl while
suppressing a lowering of a throughput of recording on the
basis of the estimated amount of the curl; a method for con-
trolling the apparatus; and a nonvolatile storage medium stor-
ing a program for controlling the apparatus.

The object indicated above may be achieved according to
the present invention which provides a liquid-droplet ejecting
apparatus including: at least one liquid-droplet ejection head
configured to eject liquid onto a recording medium; a liquid-
droplet-ejection-data storage section configured to store lig-
uid-droplet ejection data based on which the at least one
liquid-droplet ejection head ejects a plurality of liquid drop-
lets to form an image on the recording medium; a liquid-
droplet-ejection-head controlling section configured to con-
trol the at least one liquid-droplet ejection head on the basis of
the liquid-droplet ejection data; a liquid calculating section
configured to calculate an amount of the liquid and the num-
ber of liquid droplets to be ejected for each of at least one
evaluation region that is defined on the recording medium, the
liquid calculating section being configured to calculate the
amount of the liquid and the number of the liquid droplets on
the basis of evaluation ejection data as liquid-droplet ejection
data corresponding to the at least one evaluation region
among the liquid-droplet ejection data; a curl-amount calcu-
lating section configured to calculate an amount of a curl of
the recording medium on the basis of a location of the at least
one evaluation region and the amount of the liquid and the
number of the liquid droplets to be ejected for the at least one
evaluation region which have been calculated by the liquid
calculating section, the curl being produced by the ejection of
the liquid droplets on the recording medium; and a curl sup-
pressing section configured to change the evaluation ejection
data on the basis of the amount of the curl of the recording
medium calculated by the curl-amount calculating section
when a processing for suppressing the curl of the recording
medium is required, the curl suppressing section being con-
figured to change the evaluation ejection data so as to change
at least one of the amount of the liquid and the number of the
liquid droplets to be ejected onto at least the at least one
evaluation region on the recording medium to suppress the
curl of the recording medium.

The object indicated above may also be achieved according
to the present invention which provides a method for control-
ling a liquid-droplet ejecting apparatus, the apparatus com-
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prising: at least one liquid-droplet ejection head configured to
eject liquid onto a recording medium; and a liquid-droplet-
ejection-data storage section configured to store liquid-drop-
let ejection data based on which the at least one liquid-droplet
ejection head ejects a plurality of liquid droplets to form an
image on the recording medium, the method comprising: on
the basis of evaluation ejection data as liquid-droplet ejection
data corresponding to at least one evaluation region defined
on the recording medium among the liquid-droplet ejection
data, calculating an amount of the liquid and the number of
liquid droplets to be ejected for each of the at least one
evaluation region; calculating an amount of a curl of the
recording medium on the basis of a location of the at least one
evaluation region and the calculated amount of the liquid and
the calculated number of the liquid droplets to be ejected for
each of the at least one evaluation region, the curl being
produced by the ejection of the liquid droplets on the record-
ing medium; changing the evaluation ejection data on the
basis of the calculated amount of the curl of the recording
medium when a processing for suppressing the curl of the
recording medium is required, so as to change at least one of
the amount of the liquid and the number of the liquid droplets
to be ejected onto at least the at least one evaluation region on
the recording medium to suppress the curl of the recording
medium; and controlling the at least one liquid-droplet ejec-
tion head on the basis of the changed evaluation ejection data.
The object indicated above may also be achieved according
to the present invention which provides a nonvolatile storage
medium storing a program for controlling a liquid-droplet
ejecting apparatus, the apparatus comprising: at least one
liquid-droplet ejection head configured to eject liquid onto a
recording medium; and a liquid-droplet-ejection-data storage
section configured to store liquid-droplet ejection data based
on which the at least one liquid-droplet ejection head ejects a
plurality of liquid droplets to form an image on the recording
medium, the program being designed to comprise: on the
basis of evaluation ejection data as liquid-droplet ejection
data corresponding to at least one evaluation region defined
on the recording medium among the liquid-droplet ejection
data, calculating an amount of the liquid and the number of
liquid droplets to be ejected for each of at least one evaluation
region; calculating an amount of a curl of the recording
medium on the basis of alocation of the at least one evaluation
region and the calculated amount of the liquid and the calcu-
lated number of the liquid droplets to be ejected for each of
the at least one evaluation region, the curl being produced by
the ejection of the liquid droplets on the recording medium;
and changing the evaluation ejection data on the basis of the
calculated amount of the curl of the recording medium when
aprocessing for suppressing the curl of the recording medium
is required, so as to change at least one of the amount of the
liquid and the number of'the liquid droplets to be ejected onto
at least the at least one evaluation region on the recording
medium to suppress the curl of the recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, advantages, and technical and indus-
trial significance of the present invention will be better under-
stood by reading the following detailed description of the
embodiment of the invention, when considered in connection
with the accompanying drawings, in which:

FIG. 1 is a side view generally showing an overall con-
struction of an ink jet printer as one embodiment to which the
present invention is applied;

FIG. 2 is a functional block diagram of a controller;
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FIGS. 3A-3D are views showing ink ejection data of a
certain area, wherein FIG. 3A shows black ink ejection data,
FIG. 3B shows cyan ink ejection data, FIG. 3C shows
magenta ink ejection data, and FIG. 3D shows yellow ink
ejection data;

FIG. 4 is a flow-chart showing a processing for suppressing
a curl;

FIG. 5 is a view showing a relationship between blocks and
unit areas defined on a sheet;

FIGS. 6A and 6B are views for explaining an example of a
method for counting the number of liquid droplets and an
amount of liquid on the block;

FIG. 7 is a view showing a relationship between evaluation
regions and the blocks defined on the sheet;

FIG. 8 is a view showing an example of a liquid-curl
correlation information of a first evaluation region;

FIG. 9 is a view showing an example of a liquid-curl
correlation information of a fourth evaluation region;

FIG. 10 is a view showing treatment-liquid ejection data of
the certain area which corresponds to the ink ejection data in
FIGS. 3A-3D;

FIG. 11 is a functional block diagram of a controller of a
modification.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Hereinafter, there will be described an ink jet printer as one
example of a liquid-droplet ejecting apparatus to which the
present invention is applied, by reference to the drawings.

As shown in FIG. 1, an ink jet printer 101 as the present
embodiment includes a casing 102 having a generally rect-
angular parallelepiped shape. A head unit 10, a conveyance
unit 16, a sheet-supply unit 103, and a tank unit 104 are
provided in the casing 102 so as to be arranged in order in a
downward direction. The head unit 10 is constituted by five
heads 1. The conveyance unit 16 is configured to convey a
recording medium in the form of a sheet P in a conveyance
direction 99 in which the sheet P is conveyed under the heads
1 (that is, the conveyance direction 99 is a rightward direction
in FIG. 1). The sheet-supply unit 103 supplies the sheet P, and
the tank unit 104 stores liquid such as ink. A controller 100 for
controlling operations of the units is provided at a position not
interfering with the units in the casing 102. An upper face of
the casing 102 functions as a sheet-discharge portion 15 onto
which the sheet P is discharged after recording.

Four of the five heads 1 of the head unit 10 are recording
heads 1a for ejecting inks each as one example of a liquid-
droplet ejection head. In the present embodiment, the four
recording heads 1a are configured to respectively eject black,
cyan, magenta, and yellow inks. The other one head 1 is a
treatment-liquid head 15 for ejecting treatment liquid. Here,
treatment liquid for coagulating pigments is used for pigment
ink, and treatment liquid for precipitating dyes is used for
dyeing ink. Main materials of the treatment liquid is selec-
tively employed in accordance with an property of the ink
from among liquid and the like containing a cationic com-
pound (such as a cationic high polymer and a cationic surface
active agent) and/or polyvalent metal salt such as calcium salt
and magnesium salt. When the ink is landed on an area on the
sheet P which is coated with such treatment liquid, compo-
nents of the treatment liquid such as the polyvalent metal salt
react with components of the ink (i.e., the dyes or pigments as
a coloring agent) to coagulate or precipitate an insoluble or
hardly soluble metal complex, and the like. As a result, the
landed ink less penetrates into the sheet P, causing the ink to
easily remain on an area on the sheet P near a sheet surface.
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The treatment-liquid head 14 is disposed at a most-up-
stream position in the conveyance direction 99 among the five
heads 1. On a downstream side of the treatment-liquid head
15 inthe conveyance direction 99, the four recording heads 1a
are arranged in ascending order of brightness of the inks to be
ejected therefrom, that is, the black head 1a, the cyan head 1a,
the magenta head 1a, and the yellow head 1q are arranged in
order from an upstream side thereof toward a downstream
side thereof.

The five heads 1 have generally the same construction, and
each head 1 is a line head having a generally rectangular
parallelepiped shape elongated in a recording widthwise
direction 98. Here, the recording widthwise direction 98 is a
direction parallel to a horizontal plane and perpendicular to
the conveyance direction 99. Each head 1 includes a head
main body 2 having an ejection face 2a in which a multiplicity
of ejection openings, not shown, are open. When the sheet P
is conveyed by the conveyance unit 16 in the conveyance
direction 99, the ejection face 2aq is vertically opposed to the
sheet P with a predetermined distance therebetween. Each of
the head main body 2 includes a multiplicity of actuators, not
shown, controlled by a head controlling section 51 which will
be described below. Each of the actuators applies an ejection
energy to the treatment liquid or the ink to eject the treatment
liquid or the ink from a corresponding one of the ejection
openings. It is noted that this printer 101 has a resolution of
600 dpi in the recording widthwise direction 98 (i.e., a main
scanning direction) and in the conveyance direction 99 (i.e., a
sub-scanning direction). That is, a face of the sheet P is
virtually divided into a plurality of unit areas (dot areas) in a
grid pattern, each having a square shape having a length of
Ysoo inch in the recording widthwise direction 98 and in the
conveyance direction 99.

The tank unit 104 includes four ink tanks 174 and one
treatment-liquid tank 17b. The ink tanks 17a and the treat-
ment-liquid tank 175 are mounted on the casing 102 so as to
be removable therefrom. The ink tanks 17a respectively store
therein the black ink, the cyan ink, the magenta ink, and the
yellow ink. The inks are respectively supplied from the ink
tanks 17a to the recording heads 1a through tubes, not shown.
Likewise, the treatment-liquid tank 175 stores the treatment
liquid therein, and the treatment liquid is supplied from the
treatment-liquid tank 175 to the treatment-liquid head 14
through a tube, not shown.

The sheet-supply unit 103 includes a sheet-supply roller 12
and a sheet-supply tray 11 that is mountable on and remov-
able from the casing 102. The sheet-supply tray 11 has a box
shape opening upward and accommodates a plurality of the
sheets P stacked on one another. The sheet-supply roller 12 is
held in contact with an uppermost one of the sheets P accom-
modated in the sheet-supply tray 11. The sheet-supply roller
12 is rotatable by a drive power generated by a sheet-supply
motor 31 (see FIG. 2) that is controlled by the controller 100.
When the sheet-supply roller 12 is rotated by the sheet-supply
motor 31, the uppermost sheet P in the sheet-supply tray 11 is
supplied into a sheet conveyance path 5 which will be
described below.

As indicated by black arrows in FIG. 1, in the casing 102 is
formed the conveyance path 5 extending from the sheet-
supply tray 11 to the sheet-discharge portion 15. The convey-
ance path 5 is defined by a plurality of sheet-supply guides 14,
the conveyance unit 16, a plurality of sheet-discharge guides
29 so as to have an S shape inverted in a rightward and
leftward direction as a whole. The sheet P supplied from the
sheet-supply tray 11 by the sheet-supply roller 12 is conveyed
by a plurality conveyance roller pairs 13 to the conveyance
unit 16 while guided by the sheet-supply guides 14. A regis-
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tration roller pair 4 is provided on an upstream side of the
conveyance unit 16 in the conveyance direction 99. The reg-
istration roller pair 4 adjusts a posture of the sheet P and
conveys the sheet P to the conveyance unit 16. The convey-
ance unit 16 conveys the sheet P in the conveyance direction
99 through positions at which the image is recorded (just
under the heads 1). Specifically, the conveyance unit 16 con-
veys the sheet P at a predetermined speed during the image
recording. When the sheet P is conveyed through the positions
just under the heads 1, the treatment liquid and the inks are
ejected onto the sheet P to form a desired color image on a
recording face or an upper face of the sheet P. The sheet P on
which the image has been recorded is conveyed toward a
downstream side of the conveyance unit 16 along the convey-
ance path 5. The sheet P is then conveyed upward by a plu-
rality of sheet-discharge roller pairs 28 through a sheet-dis-
charge path 60 defined by the sheet-discharge guides 29. The
sheet P is then discharged onto the sheet-discharge portion 15
through a sheet-discharge opening 22 formed in an upper
portion of the casing 102.

The conveyance unit 16 includes a plurality of conveyance
roller pairs 8 arranged in the conveyance direction 99. The
conveyance roller pairs 8 are respectively arranged on a
downstream side and an upstream side of the heads 1 in the
conveyance direction 99 and at positions each interposed
between corresponding adjacent two of the heads 1. Each of
the conveyance roller pairs 8 is constituted by a conveyance
roller 86 and a toothed roller 8a arranged in the vertical
direction. The conveyance roller 85 is disposed such that an
outer circumferential face thereof contacts a lower face of the
sheet P. The toothed roller 8a is disposed so as to be opposed
to the outer circumferential face of the conveyance roller 85
with the conveyed sheet P interposed therebetween. The
toothed roller 8a includes a support shaft extending in the
recording widthwise direction 98 and a plurality of toothed
discs projecting from the support shaft and spaced from one
another in a circumferential direction of the shaft. Each of the
toothed discs is a thin plate having teeth on an outer circum-
ferential face thereof, and distal ends ofthese teeth contact the
sheet P. Each of the toothed rollers 8a is urged toward a
corresponding one of the conveyance rollers 85 by an urging
means, not shown, such that the outer circumferential face of
the toothed roller 84 is held in pressing contact with the outer
circumferential face of the conveyance roller 85. When the
conveyance rollers 85 of the conveyance unit 16 are rotated by
a conveyance motor 33 (see FIG. 2), the sheet P is nipped
between the toothed roller 8a and the conveyance roller 85
and conveyed thereby toward a downstream side thereof in
the conveyance direction 99.

There will be next explained an electric configuration of
the printer 101 with reference to FIG. 2. In FIG. 2, arrows
indicate flows of data. The controller 100 of the printer 101 is
constituted by one or more computers, and although not
shown, each computer includes (a) a central processing unit
(CPU), (b) a main storage for rewritably storing: programs to
be executed by the CPU; and data used for the programs, (c)
a backing storage for temporarily storing the data in the
execution of the programs by the CPU, (d) an interface for
connecting between the CPU and an external device, (e)
internal paths for connecting these components, and so on.
The programs to be executed by the CPU are stored in
advance in various storage media such as a flexible disc, a
CD-ROM, and a memory card and installed into the main
storage via one of these storage media. When the programs
are executed by the CPU, various functional sections of the
controller 100 shown in FIG. 2 are operated. The CPU of'the
controller 100 is connected to an operation panel 73 as an
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input and output device via the interface. When a user has
performed an input operation using the operation panel 73, a
signal indicating the input operation is inputted to the CPU,
based on which the CPU controls the operations of the com-
ponents of the printer 101. During the operation of the printer
101, various information for the user is displayed in a text or
symbol form on a display screen of the operation panel 73.
The CPU of the controller 100 is connected to an external
computer 50 via the interface for data transmission therebe-
tween. The controller 100 of the printer 101 controls the
operation of the components of the printer 101 on the basis of
the image data, the input signals, and so on transmitted from
the external computer 50.

The controller 100 includes an image-data storage section
52 and an ink-ejection-data producing section 53 (as one
example of a liquid-droplet-ejection-data producing section)
as the functional sections. The image-data storage section 52
stores the image data based on which the image is recorded on
the sheet P. The image data is transmitted to the controller 100
from the external computer 50 connected to the printer 101, a
printer driver, or the like. The ink-ejection-data producing
section 53 is configured to produce ink ejection data on the
basis of the image data stored in the image-data storage sec-
tion 52. The ink-ejection-data producing section 53 includes
a raster-image processing section, a gamma-correction pro-
cessing section, and an error-diffusion processing section.
The image data stored in the image-data storage section 52 is
vector image data, and the ink-ejection-data producing sec-
tion 53 executes a raster image processing for the image data
to produce the ink ejection data. The ink ejection data is raster
image data that shows a size of a dot (dot size) formed in each
unit area (dot area) virtually defined on the sheet P. The dot
size in the ink ejection data is a size of a liquid droplet (ink
droplet) to be ejected by any one of the recording heads 1a
onto the unit area(s) on the sheet P and is represented by one
of four levels or sizes, namely, zero, a small droplet, a
medium-size droplet, and a large droplet. In other words, the
size of the liquid droplet shows an amount of the ink (an
amount of the liquid droplet) to be ejected onto the unit area
on the sheet P. It is noted that, where the size of the liquid
droplet to be ejected onto the unit area on the sheet P is
changed, a single liquid droplet having a desired size may be
ejected, and a plurality of micro-liquid droplets having the
same size as one another may be ejected such that a total
amount of the micro-liquid droplets corresponds to the
desired size (amount), for example. In the latter case, a plural
number of the liquid droplets are ejected in the ejection of the
micro-liquid droplets, but the number of the liquid droplets is
counted as one assuming that the micro-liquid droplets are
one droplet. The gamma correction processing and the error
diffusion processing are performed for the thus produced ink
ejection data as needed. In the present embodiment, the ink
ejection data is converted from 8 bit to 2 bit by the error
diffusion processing.

As shown in FIGS. 3A-3D, an ink-ejection-data storage
section 54 (as one example of a liquid-droplet-ejection-data
storage section) of the controller 100 stores therein four sets
of the ink ejection data respectively for the four recording
heads 1a, for example. It is noted that the four ink ejection
data sets shown in FIG. 3 corresponds to an image to be
recorded on a specific area on the sheet P (the specific area
contains thirty-six unit areas in six lines 1-6 and six rows a-f).
Further, each of “S”, “M”, and “L” in FIGS. 3A-3D repre-
sents a size of a dot to be formed on the unit area virtually
defined on the sheet P, and each unit area having none of “S”,
“M”, and “L” represents a unit area on which the dot is not to
be formed, that is, the ink is not to be ejected. It is noted that
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the dot sizes S, M, L respectively correspond to the small
droplet, the medium-size droplet, and the large droplet
ejected by the recording heads a.

The controller 100 includes the ink-ejection-data storage
section 54, a block-specific counting section 61, an evalua-
tion-region-specific counting section 62 as one example of a
liquid calculating section, a curl-amount calculating section
63, and a curl suppressing section 64. These functional sec-
tions execute a processing for suppressing or restraining a
curl of the sheet P. There will be next explained these func-
tional sections with reference to FIGS. 2 and 4.

The ink-ejection-data storage section 54 can store the ink
ejection data corresponding to at least a single page. The ink
ejection data produced by the ink-ejection-data producing
section 53 is transmitted from the ink-ejection-data produc-
ing section 53 to the ink-ejection-data storage section 54.
Here, the ink-ejection-data producing section 53 and the ink-
ejection-data storage section 54 are wiredly connected to
each other, and the ink ejection data containing data of at least
one unit area (dot area) is transmitted per clock under a data
transfer standard for a short distance. Thus, the transmission
of'the ink ejection data of one page from the ink-ejection-data
producing section 53 to the ink-ejection-data storage section
54 requires a length of time determined upon the number of
pixels.

In S1 in FIG. 4, the block-specific counting section 61
obtains the ink ejection data in a process in which the ink
ejection data is transmitted from the ink-ejection-data pro-
ducing section 53 to the ink-ejection-data storage section 54.
Then in S2, the block-specific counting section 61 counts or
obtains one by one the numbers of the liquid droplets and the
amounts of the liquid on blocks which will be described
below, each time when the block-specific counting section 61
has obtained the ink ejection data.

FIG. 5 is a view showing a relationship between blocks B
and unit areas D defined on the sheet P. As shown in FIG. 5,
each of one sheet P (the single sheet P) and the ink ejection
data corresponding thereto is divided into predetermined
middle-size areas (each may be hereinafter called the block
B). For example, where one sheet P is divided into eight lines
in the conveyance direction 99 and eight rows in the recording
widthwise direction 98, the sheet P is divided into sixty-four
blocks B. Each of the blocks B is an area constituted by a
plurality of the unit areas (dot areas) D.

The number of the liquid droplets on the block is the
number of the liquid droplets to be ejected onto the block
virtually defined on the sheet P. Thus, the number of the liquid
droplets on a certain block is equal to the number of dots of the
ink ejection data corresponding to the certain block. In the
present embodiment, the number of the liquid droplets on the
certain block is obtained by counting the number of the dots
on the block for the ink ejection data corresponding to black,
cyan, magenta, and yellow, and then summing the numbers of
the dots on the block for the respective four colors. For
example, assuming that the thirty-six unit areas shown in
FIGS. 3A-3D are the certain block, the number of the liquid
droplets on this block is twenty-six (=six black droplets+three
cyan droplets+six magenta droplets+eleven yellow droplets).

The amount of the liquid on the block is a total amount of
the liquid droplet(s) of the ink to be ejected onto the block
virtually defined on the sheet P. Thus, the amount of the liquid
of'acertain block is obtained by multiplying the number of the
dots for each dot size for each color by the amount of the
liquid droplet having the dot size and then summing the
numbers obtained by this multiplication. For example,
assuming that the thirty-six unit areas shown in FIGS. 3A-3D
are the certain block, the number of the dots corresponding to
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the small droplets on this block is ten, the number of the dots
corresponding to the medium-size droplets is twelve, and the
number of the dots corresponding to the large droplets is four.
Assuming that the amount of the small liquid droplet is 7 pl,
the amount of the medium-size liquid droplet is 14 pl, and the
amount of the large liquid droplet is 21 pl, the amount of the
liquid on this block is 322 pl (=10x7 pl+12x14 pl+4x21 pl).

There will be explained a method for counting the number
of'the liquid droplets and the amount of the liquid on the block
with reference to FIGS. 6 A and 6B. As shown in FIG. 6A, the
ink ejection data corresponding to one page is usually trans-
mitted as line data respectively corresponding to lines of the
one page. FIG. 6 A shows line data [.1-L5 respectively corre-
sponds to first five lines of one page and are transmitted from
the ink-ejection-data producing section 53 to the ink-ejec-
tion-data storage section 54. The line data corresponding to a
single line expands over a plurality of the blocks. The line data
L1-L5 are transmitted one by one, and at a point in time when
all the ink ejection data corresponding to a certain block has
been received, the number of the liquid droplets and the
amount of the liquid on the certain block are determined. For
example, FIG. 6B shows a manner in which, where ink ejec-
tion data corresponding to first-line blocks are contained in
the line data [.1-L5, the numbers ofthe liquid droplets and the
amounts of the liquid on the first-line blocks (eight blocks) are
determined when the line data L5 has been received by the
ink-ejection-data storage section 54. As thus described, when
all the ink ejection data corresponding to the certain block has
been transmitted, the number of the liquid droplets and the
amount of the liquid on this block are determined (S3: YES).
Then in S4, the determined number of the liquid droplets and
the determined amount of the liquid on the block are stored
with an address of the block. Since the numbers of the liquid
droplets and the amounts of the liquid on the blocks are
counted, when the ink ejection data corresponding to one
page has been received by the ink-ejection-data storage sec-
tion 54, all the numbers of the liquid droplets and all the
amounts of the liquid on the blocks for one page are deter-
mined. In this printer 101, the transmission of the data and the
count of the number of the liquid droplets and the amount of
the liquid are performed at the same time, making it possible
to shorten a time required for the processings.

The evaluation-region-specific counting section 62 uses
the stored numbers of the liquid droplets and the stored
amounts of the liquid on the blocks to calculate the number of
the liquid droplets and an amount of the liquid on each evalu-
ation region which will be described below. FIG. 7 is a view
showing a relationship between the evaluation regions and the
blocks defined on the sheet P. Here, each evaluation region is
ahatched area in FIG. 7 into which one sheet P (one page) and
the ink ejection data corresponding thereto are divided such
that the evaluation region has an area larger than that of each
block. The number of the liquid droplets on the evaluation
region is a total number of the number of liquid droplets on at
least one block contained in the evaluation region, and the
amount of the liquid on the evaluation region is a total amount
of the liquid on the at least one block contained in the evalu-
ation region. The number of the liquid droplets and the
amount of the liquid on the evaluation region are used for
estimating or predicting a curl amount or degree.

FIG. 7 shows first to sixth evaluation regions. The first
evaluation region shown in a first row of a table in FIG. 7 is
constituted by all the blocks on the sheet P. The four second
evaluation regions shown in a second row of the table in FIG.
7 are respectively located on four corners of the sheet P. Each
of'the second evaluation regions is constituted by six blocks in
two lines and three rows which are located on a corresponding
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one of the four corners of the sheet P. The two third evaluation
regions shown in a third row of the table in FIG. 7 are areas
extending in the conveyance direction 99 at respective oppo-
site end portions of the one sheet P in the recording widthwise
direction 98. Each of the third evaluation regions is consti-
tuted by blocks contained in two rows (i.e., a one-fourth
portion) of the sheet P at a corresponding one of the opposite
end portions thereof in the recording widthwise direction 98.
The two fourth evaluation regions shown in a fourth row of
the table in FIG. 7 are areas extending in the conveyance
direction 99 at a central portion of the sheet P in the recording
widthwise direction 98. Each of the fourth evaluation regions
is constituted by blocks contained in two rows (i.e., a one-
fourth portion) of the sheet P which are located on one or the
other side of a center line of the sheet P in the recording
widthwise direction 98. The two fifth evaluation regions
shown in a fifth row of the table in FIG. 7 are areas extending
in the recording widthwise direction 98 at respective opposite
end portions of the sheet P in the conveyance direction 99.
Each of the fifth evaluation regions is constituted by blocks
contained in two lines (i.e., a one-fourth portion) of the sheet
P which are located on a corresponding one of the opposite
end portions thereof in the conveyance direction 99. The two
sixth evaluation regions shown in a sixth row of the table in
FIG. 7 are areas extending in the recording widthwise direc-
tion 98 at a central portion of the sheet P in the conveyance
direction 99. Each of the sixth evaluation regions is consti-
tuted by blocks contained in two lines (i.e., a one-fourth
portion) of the sheet P which are located on one or the other
side of a center line of the sheet P in the conveyance direction
99.

The evaluation-region-specific counting section 62
includes resisters individually for the thirteen first-sixth
evaluation regions. The register of each evaluation region is
equipped with an arithmetic circuit. When each arithmetic
circuit has determined the number of the liquid droplets and
an amount of the liquid on one or more blocks of a corre-
sponding one of the evaluation regions (S11: YES), the num-
ber of the liquid droplets and the amount of the liquid on the
evaluation region are calculated in S12. Then in S13, the
calculated number of the liquid droplets and the calculated
amount of the liquid on the evaluation region are stored in the
register. Such a count (calculation) of the number ofthe liquid
droplets and the amount of the liquid on each evaluation
region by the evaluation-region-specific counting section 62
is performed in parallel with the count of the number of the
liquid droplets and the amount of the liquid on each block by
the block-specific counting section 61. That is, the number of
liquid droplets and an amount of the liquid on a certain evalu-
ation region are determined at a point in time when the num-
ber of the liquid droplets and the amount of the liquid on one
or more blocks required for the count (calculation) of the
number of the liquid droplets and the amount of the liquid on
the certain evaluation region have been determined (that is, at
apoint in time when the number of the liquid droplets and the
amount of the liquid on one or more blocks contained in the
certain evaluation region have been determined). Thus, at a
point in time when the transmission of the ink ejection data of
one page is completed, the number of the liquid droplets and
the amount of the liquid on all the evaluation region(s) in one
page are determined. In this printer 101, the transmission of
the ink ejection data and the count (calculation) of the number
of the liquid droplets and the amount of the liquid are per-
formed at the same time, making it possible to shorten a time
required for the processings.

When the ink ejection data corresponding to one page has
been received by the ink-ejection-data storage section 54 (S5:
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YES), the curl-amount calculating section 63 in S6 obtains
the calculated number of the liquid droplets and the calcu-
lated amount of the liquid on each evaluation region. Then in
S7, the curl-amount calculating section 63 uses these
obtained values to calculate the curl amount (degree) by
which the sheet P is estimated or predicted to curl (hereinafter
may be referred to as “estimated curl amount”). Here, the
curl-amount calculating section 63 utilizes liquid-curl corre-
lation information 67 stored in advance in the controller 100.
The liquid-curl correlation information 67 is information rep-
resenting a correlation of a curl amount of the sheet P with
respect to the amount of the liquid and the number of the
liquid droplets on the evaluation region. This liquid-curl cor-
relation information 67 is a map or an expression experimen-
tally or theoretically produced for each of positions of the
respective evaluation regions, i.e., for each of the evaluation
regions. In the present embodiment, for example, since the
two third evaluation regions are symmetric in the recording
widthwise direction 98, the same liquid-curl correlation
information 67 can be used for the two third evaluation
regions. Likewise, the same liquid-curl correlation informa-
tion 67 can be used for each of the first-sixth evaluation
regions. Thus, in the present embodiment, six sets of the
liquid-curl correlation information 67 are stored in the con-
troller 100.

FIG. 8 is a view showing an example of the liquid-curl
correlation information 67 for the first evaluation region. The
liquid-curl correlation information 67 shown in FIG. 8 is a
map representing a maximum curl amount (as one example of
the curl amount) of the sheet P that is associated with the
amount of the liquid and the number of the liquid droplets on
the first evaluation region in FIG. 7. In this map, a vertical axis
represents a ratio of the number of the liquid droplets on the
evaluation region. The ratio of the number of the liquid drop-
lets on the evaluation region (%) is set such that the total
number of the dots on the evaluation region is 100%. Specifi-
cally, in the example shown in FIG. 8, the unit areas are the
areas defined on the face of the sheet P in the grid pattern such
that each unit area has the length of Y600 inch in the recording
widthwise direction 98 and in the conveyance direction 99
(that is, such that this printer 101 has the resolution of 600
dpi), and the number of the liquid droplets when the liquid
droplets are respectively ejected on all the unit areas on the
entire A4 sheetis set at 100%. Further, in the above-described
map, a horizontal axis represents a ratio of the amount of the
liquid on the evaluation region. The ratio of the amount of the
liquid on the evaluation region (%) is set such that an amount
of the liquid when one-color liquid droplets of a maximum
size are ejected on all the unit areas of the evaluation region is
100%. In the example shown in FIG. 8, the unit areas are the
areas defined on the face of the sheet P in the grid pattern such
that each unit area has the length of Y600 inch in the recording
widthwise direction 98 and in the conveyance direction 99
(that is, such that this printer 101 has the resolution of 600
dpi), and an amount of liquid droplets when liquid droplets of
the black ink each having an amount of 21 pl are respectively
ejected on all the unit areas on the entire A4 sheet is set at
100%. Each of values at coordinates defined by the vertical
axis and the horizontal axis represents the maximum curl
amount of the sheet P.

FIG. 9 is a view showing an example of the liquid-curl
correlation information 67 for the fourth evaluation region.
The liquid-curl correlation information 67 shown in FIG. 9 is
a map representing a maximum curl amount (as one example
of the curl amount) of the sheet P that is associated with the
amount of the liquid and the number of the liquid droplets on
the fourth evaluation region in FIG. 7. This map is generally
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the same as the map of the liquid-curl correlation information
67 for the first evaluation region. However, in the example
shown in FIG. 9, in a vertical axis, the unit areas are the areas
defined on the face of the sheet P in the grid pattern such that
each unit area has the length of Yeoo inch in the recording
widthwise direction 98 and in the conveyance direction 99
(that is, such that this printer 101 has the resolution of 600
dpi), and the number of the liquid droplets when the liquid
droplets are respectively ejected on all the unit areas on a
one-fourth portion of an A4 sheet at a central portion thereof
in its widthwise direction is set at 100%. Further, in a hori-
zontal axis, the unit areas are the areas defined on the face of
the sheet P in the grid pattern such that each unit area has the
length of Yoo inch in the recording widthwise direction 98
and in the conveyance direction 99 (that is, such that this
printer 101 has the resolution of 600 dpi), and an amount of
the liquid droplets when the liquid droplets of the black ink
each having the amount of 21 pl are respectively ejected on all
the unit areas on the one-fourth portion of the A4 sheet at the
central portion thereof in its widthwise direction is set at
100%. When comparing the liquid-curl correlation informa-
tion 67 shown in FIG. 8 and the information 67 shown in FIG.
9 with each other, it is clear that even where the ratios of the
numbers of the liquid droplets are the same as each other, and
the ratios of the amounts of the liquid are the same as each
other, the estimated curl amounts are different from each
other depending on a position or a pattern of the evaluation
region. Further, effects on the estimated curl amount are also
different from each other depending on the position or the
pattern of the evaluation region.

As described above, the curl-amount calculating section 63
uses the number of the liquid droplets and the amount of the
liquid on the evaluation region calculated by the evaluation-
region-specific counting section 62 to calculate the estimated
curl amount for each evaluation region. In the present
embodiment, the curl-amount calculating section 63 calcu-
lates the estimated curl amount for each of the thirteen evalu-
ation regions in FIG. 7. Obtained thirteen curl amounts may
be different from one another. In this case, the curl-amount
calculating section 63 compares these curl amounts with one
another and determines a largest one of the curl amounts as
the estimated curl amount of the sheet P.

The curl suppressing section 64 then executes a processing
for suppressing an occurrence of the curl of the sheet P on the
basis of the estimated curl amount. Specifically, in S8, the curl
suppressing section 64 compares the estimated curl amount
with a predetermined threshold to judge whether the process-
ing for suppressing the curl is required or not, that is, whether
any change of the ink ejection data is required or not. Where
the estimated curl amount is equal to or less than the thresh-
old, the curl suppressing section 64 judges that the change of
the ink ejection data is not required (S8: NO) and in S10
allows the recording based on the ink ejection data. On the
other hand, where the estimated curl amount is greater than
the threshold, the curl suppressing section 64 judges that the
change of'the ink ejection data is required (S8: YES) and in S9
executes a processing (which will be described below) for
changing the ink ejection data in order to suppress the curl of
the sheet P. Here, the change to be made to the ink ejection
data is a change of at least one of a liquid amount of the ink
and the number of liquid droplets to be ejected onto at least an
evaluation region(s) having an effect on the estimated curl
amount. In order for this change, the ink ejection data may be
changed entirely or locally. The ink ejection data is changed
such that the liquid amount of the ink to be ejected onto the
evaluation region(s) having the effect on the estimated curl
amount is reduced by reducing at least one of the number of
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the liquid droplets and the size of the liquid droplet(s) (i.e., the
amount of the liquid droplet(s)) to be ejected onto the evalu-
ation region(s). Alternatively, the ink ejection data is changed
such that the number of the liquid droplets to be ejected onto
the evaluation region(s) having the effect on the estimated
curl amount is reduced and such that the size of the liquid
droplet(s) to be ejected onto the evaluation region(s) is
increased. In either case, the ink ejection data is changed such
that the estimated curl amount based on the changed ink
ejection data does not exceed the threshold.

In order to change the ink ejection data, the curl suppress-
ing section 64 outputs a command for producing data again to
the ink-ejection-data producing section 53. The command for
producing the data again includes various commands and data
such as a command for producing again the ink ejection data
that does not cause the curl, and a curl amount calculated for
each evaluation region. When having received the command
for producing the data again, the ink-ejection-data producing
section 53 produces the ink ejection data such that an esti-
mated curl amount to be obtained based on the newly pro-
duced ink ejection data is equal to or less than the threshold.
Specifically, the ink-ejection-data producing section 53 pro-
duces the ink ejection data on the basis of the image data
stored in the image-data storage section 52 and then corrects
the ink ejection data by the gamma correction processing and
the error diffusion processing so as to reduce the number of
dots per unit size (area) and increase a size of each dot. In the
production of the ink ejection data again, an inclination of a
gamma curve is suppressed by the gamma correction process-
ing to pale a color of each dot, and the threshold is changed by
the error diffusion processing (for example, the threshold is
changed such that no small droplets are to be ejected). The ink
ejection data thus produced is transmitted to the ink-ejection-
data storage section 54. Also in this transmission, as
described above, the block-specific counting section 61 and
the evaluation-region-specific counting section 62 count or
obtain the number of the liquid droplets and the amount of the
liquid, then the curl-amount calculating section 63 calculates
the estimated curl amount based on the newly produced ink
ejection data, and then the curl suppressing section 64
executes the judgment for the estimated curl amount based on
the newly produced ink ejection data. In this printer 101, since
the correction is made so as to increase the size of each dot by
reducing the number of dots per unit size (area), it is possible
to suppress the curl while preventing a density of the image
from lowering.

The controller 100 includes a treatment-liquid ejection-
data producing section 56, a treatment-liquid ejection-data
storage section 57, the head controlling section 51 as one
example of a liquid-droplet-ejection-head controlling sec-
tion, and the image-data storage section 52.

Where the recording based on the ink ejection data is
allowed by the curl suppressing section 64, the treatment-
liquid ejection-data producing section 56 produces treatment-
liquid ejection data on the basis of the ink ejection data stored
in the ink-ejection-data storage section 54. The treatment-
liquid ejection-data storage section 57 stores therein the pro-
duced treatment-liquid ejection data. The treatment-liquid
ejection data is data representing a dot size of the treatment
liquid to be formed on the unit areas (dot areas) virtually
defined on the sheet P. The dot size in the treatment-liquid
ejection data is represented by one of four levels or sizes,
namely, zero, a small droplet, a medium-size droplet, and a
large droplet of the treatment liquid to be ejected onto the unit
area(s) on the sheet P by the treatment-liquid head 14.

FIG. 10 shows treatment-liquid ejection data produced on
the basis of the ink ejection data shown in FIGS. 3A-3D. It is
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noted that “S” in FIG. 10 represents a size of a dot to be
formed on the unit area virtually defined on the sheet P, and
each unit area having no symbol represents a unit area on
which the dot is not to be formed. It is noted that the size S as
the dot size of the treatment-liquid ejection data corresponds
to the small droplet to be ejected from the treatment-liquid
head 15. The treatment-liquid ejection data is produced such
that the dot of the size S is selectively formed on the unit
area(s) on the basis of the ink ejection data. Thus, the treat-
ment-liquid head 15 ejects the small droplet of the treatment
liquid onto each unit area onto which the ink is to be ejected
on the basis of the treatment-liquid ejection data such that
positions of the ink to be landed on the sheet P and an area on
which the treatment liquid is to be applied coincide with each
other.

The conveyance controlling section 59 controls the sheet-
supply unit 103, the conveyance roller pairs 13, the convey-
ance roller pairs 8, the sheet-discharge roller pairs 28, the
registration roller pair 4, and the conveyance unit 16 such that
the sheet P is conveyed through the conveyance path 5. Spe-
cifically, the conveyance controlling section 59 controls: the
sheet-supply motor 31 for driving the sheet-supply roller 12
of the sheet-supply unit 103; a conveyance motor 32 for
driving the conveyance roller pairs 13 and the registration
roller pair 4; a sheet-discharge motor 34 for driving the sheet-
discharge roller pairs 28; and the conveyance motor 33 for
driving the conveyance roller pairs 8 of the conveyance unit
16.

The head controlling section 51 includes: a recording-head
controlling section 51a configured to control the actuators of
the recording heads 1a; and a treatment-liquid-head control-
ling section 515 configured to control the actuators of the
treatment-liquid head 15. The recording-head controlling
section 51a controls the recording heads 1a via a head driving
circuit 30 to eject the ink onto the conveyed sheet P on the
basis of the ink ejection data stored in the ink-ejection-data
storage section 54. The treatment-liquid-head controlling
section 515 controls the treatment-liquid head 15 via the head
driving circuit 30 to eject the treatment liquid onto the sheet P
on the basis of the treatment-liquid ejection data stored in the
treatment-liquid ejection-data storage section 57, such that
the position(s) of the ink to be landed on the sheet P coincides
with the position(s) of the treatment liquid to be landed on the
sheet P. In the present embodiment, as described above, the
size or amount of each of the ink or the treatment liquid to be
ejected from the heads 1 can be changed among the four levels
or sizes, namely, zero, the small droplet, the medium-size
droplet, and the large droplet.

On the basis of the ink ejection data and the treatment-
liquid ejection data produced as described above, the head
controlling section 51 controls the head unit 10, and the
conveyance controlling section 59 controls the conveyance
unit 16 and the sheet-supply unit 103. As a result of these
controls, the treatment liquid is ejected from the treatment-
liquid head 15 onto the sheet P conveyed through the convey-
ance path 5, and then the ink is ejected from the recording
heads 1a to form the image on the sheet P. Here, since the ink
ejection data is processed so as to suppress the curl of the
sheet P, no or an extremely small amount of curl is produced
on the sheet P on which the ink has been landed.

As described above, in the printer 101 to which the present
invention is applied, the number of the liquid droplets and the
amount of the liquid to be ejected onto the evaluation region
defined on the sheet P are calculated on the basis of the ink
ejection data corresponding to the evaluation region, and the
amount or degree by which the sheet P is estimated to curl is
calculated on the basis of the number of the liquid droplets
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and the amount of the liquid. Since the number of the liquid
droplets and the amount of the liquid are used to calculate the
estimated curl amount, it is possible to calculate the estimated
curl amount more accurately.

Further, to obtain the estimated curl amount of the sheet P,
the curl amounts of the sheet P are calculated for the plurality
of evaluation regions, and the largest one of the obtained curl
amounts is determined as the estimated curl amount of the
sheet P. As aresult, even in the case where the curl is produced
onthe sheet Plocally, it is possible to estimate the curl amount
to be produced on the sheet P more accurately.

Further, to obtain the estimated curl amount of the sheet P,
the plurality patterns of the evaluation regions are set, and the
curl amounts of the sheet P are calculated for the plurality of
evaluation regions, and the largest one of the obtained curl
amounts is determined as the estimated curl amount of the
sheet P. Thus, it is possible to estimate the curl amount to be
produced on the sheet P more reliably.

Further, the processing for suppressing the curl is executed
on the basis of the curl amount of the sheet P estimated
accurately as described above, making it possible to suppress
the curl efficiently. Here, since the ink ejection data is
changed for suppressing the curl, it is possible to suppress
lowering of a throughput of the recording when compared
with the cases where the sheet P is stopped or held for a
specific length of time in a state in which the sheet P is
straightened and where a conveyance speed of the sheet P is
lowered in order to dry the liquid attached to the sheet P.

While the embodiment of the present invention has been
described above, it is to be understood that the invention is not
limited to the details of the illustrated embodiment, but may
be embodied with various changes and modifications, which
may occur to those skilled in the art, without departing from
the spirit and scope of the invention.

For example, in the above-described embodiment, the six
patterns of the thirteen evaluation regions are set on the sheet
P, but the patterns and the number of the evaluation regions
are not limited to those in the above-described embodiment.
Further, sixty-four blocks are defined on the one sheet in the
above-described embodiment, but the one sheet may be
divided into larger or smaller blocks. Alternatively, a concept
of the blocks may be omitted (that is, the calculation of the
number of the liquid droplets and the amount of the liquid on
each block may be omitted) to directly calculate the number
of the liquid droplets and the amount of the liquid on each
evaluation region. Further, in orderto speed up computations,
the number of the liquid droplets and the amount of the liquid
on the evaluation region, and the curl amount of the sheet P
may be calculated for only a plurality of evaluation regions
having a relatively great effect on the speed of the computa-
tions.

Further, for example, in the above-described embodiment,
where the inks of different colors are ejected on the same unit
area, the number of the liquid droplets on the unit area is
calculated and determined as one for each color ink. Instead
of this configuration, where the inks of different colors are
ejected on the same unit area, the number of the liquid drop-
lets on the unit area may be calculated and determined as one
in total. In this case, the number of the liquid droplets is
twenty on the block in FIGS. 3A-3D. In this calculation of the
number of the liquid droplets, the curl amount is calculated on
the basis of (i) the size of the liquid droplet on the evaluation
region and (ii) an area (size) of a region(s) on which the liquid
droplet(s) has or have been attached on the evaluation region.
Since the curl amount is affected by an area (size) of a
region(s) on the sheet on which the liquid droplet(s) has or
have been attached (especially an area of continuous liquid-
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attached regions) or by a ratio of the liquid-attached regions to
the entire sheet, it is advantageous to calculate the number of
the liquid droplets in such a manner.

Further, for example, in the above-described embodiment,
the block-specific counting section 61 and the evaluation-
region-specific counting section 62 calculate the amount of
the liquid and the number of the liquid droplets on each block
or each evaluation region on the basis of the ink ejection data
but may be configured to calculate the amount of the liquid
and the number of the liquid droplets on each block or each
evaluation region on the basis of the image data. In other
words, the amount of the liquid and the number of the liquid
droplets on each evaluation region may be calculated on the
basis of data for image recording on the sheet P such as the ink
ejection data and the image data.

In the above-described embodiment, the curl suppressing
section 64 produces the ink ejection data again for suppress-
ing the curl, but in this case, the throughput of the recording
may slightly lower due to a time required for producing the
ink ejection data again. In order to solve this problem, instead
of producing the ink ejection data again for suppressing the
curl, the recording-head controlling section 51a may control
the recording heads 1a to eject the liquid such that an amount
of' the liquid to be ejected and the number of the liquid drop-
lets to be ejected are less than the amount of the liquid and the
number of the liquid droplets contained in the ink ejection
data. In this case, as shown in FIG. 11, the controller 100
includes a pseudo multi-tone processing section 66.

Specifically, where the curl suppressing section 64 has
judged that the change of the ink ejection data is required, the
pseudo multi-tone processing section 66 executes a pseudo
multi-tone processing for locally restraining or decreasing a
total amount of the ink and the number of the liquid droplets,
when the ink ejection data is transmitted from the ink-ejec-
tion-data storage section 54 to the recording-head controlling
section 51a. As a result, the recording-head controlling sec-
tion 51a controls the recording heads 1a to eject the ink on the
basis of the ink ejection data changed or modified for sup-
pressing the curl of the sheet P. The pseudo multi-tone pro-
cessing section 66 includes: a computing section configured
to execute the pseudo multi-tone processing; and a line buffer
for temporarily storing one or more sets of line data required
for the processing. In order to limit the total amount of the ink
and the number of the liquid droplets, the pseudo multi-tone
processing section 66 transmits the ink ejection data to the
recording-head controlling section 51a while processing or
modifying the ink ejection data by adding a mask pattern(s)
each having a certain-size area (e.g., a block constituted by
8x8 dots) that is larger than the unit area. Each mask pattern
can make the certain-size area pseudo multi-tones (gray lev-
els or gradation levels) by setting, as unit, the certain-size area
larger than the unit area, to decrease the total amount of the
ink and the number of the liquid droplets on the certain-size
area, for example. This mask pattern may be applied not to
whole one page but locally to only the certain-size area(s) on
the one page, each of which has an effect on the estimated curl
amount. A plurality of the mask patterns are preferably stored
in advance in the controller 100 to use the most suitable one of
the mask patterns depending on the curl amount calculated
for each evaluation region. Alternatively, a spatial filter may
be used instead of the above-described mask pattern. In the
mask pattern, the ink ejection data is processed such that the
number of the liquid droplets or the size of the liquid droplet
on a predetermined one or more unit areas on the certain-size
area is decreased independently of the original number of the
liquid droplets or the original size of the liquid droplet, but in
the spatial filter, the number of the liquid droplets or the size
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of'the liquid droplet on a certain unit area is decreased on the
basis of the number of the liquid droplets and the size of the
liquid droplet on the certain unit area and unit areas there-
around. For example, the spatial filter can zero the number of
the liquid droplets on the unit area surrounded with unit areas
onto which the ink is ejected, and increase the size of the
liquid droplets to be ejected onto the surrounding unit areas.
Further, as another example, the spatial filter can decrease a
density of an area on one page which has a great effect on the
estimated curl amount, to decrease the number of the liquid
droplets or the size of the liquid droplet(s) on the area. In the
configuration in which the pseudo multi-tone processing is
performed for the ink ejection data transmitted from the ink-
ejection-data storage section 54 to the recording-head con-
trolling section 51a for suppressing the curl, the ink ejection
data has been processed at a point in time when the transmis-
sion of the ink ejection data is completed, making it possible
to perform the recording with the suppression of the curl
without lowering the throughput (i.e., a processing ability per
unit time).

It is noted that, the present invention is applicable to a
liquid-droplet ejecting apparatus configured to eject liquid
other than the ink. Further, the present invention is applicable
not only to the printer but also to other liquid-droplet ejecting
apparatuses such as a facsimile machine and a copying
machine. Further, in the above-described embodiment, the
head controlling section 51 drives the actuators (e.g., piezo-
electric actuators) of the treatment-liquid head 14 and the
actuators of the recording heads 14, but the configuration for
driving the heads 1 is not limited to this configuration. For
example, each of the treatment-liquid head 15 and the record-
ing heads 1le¢ may include a heating element to eject the
treatment liquid or the ink by driving this heating element.

What is claimed is:

1. A liquid-droplet ejecting apparatus comprising:

at least one liquid-droplet ejection head configured to eject
aplurality of liquid droplets, each being one of a plural-
ity of sizes, onto a recording medium, the plurality of
sizes respectively corresponding to a plurality of prede-
termined amounts of liquid that are different from each
other;

aliquid-droplet-ejection-data storage section configured to
store liquid-droplet ejection data which causes the at
least one liquid-droplet ejection head to eject the plural-
ity of liquid droplets each having one size selected from
among the plurality of sizes according to an image
formed on the recording medium;

a liquid-droplet-ejection-head controlling section config-
ured to control the at least one liquid-droplet ejection
head on the basis of the liquid-droplet ejection data;

a liquid-droplet-count obtaining section configured to
obtain the number of liquid droplets to be ejected for
each of a plurality of evaluation regions that are defined
on the recording medium and locations of which on the
recording medium are different from each other, the
liquid-droplet-count obtaining section being configured
to obtain the number of the liquid droplets on the basis of
evaluation ejection data corresponding to the plurality of
evaluation regions among the liquid-droplet ejection
data;

a liquid-amount obtaining section configured to obtain an
amount of the liquid to be ejected for each of the plural-
ity of evaluation regions, the liquid-amount obtaining
section being configured to obtain the amount of the
liquid on the basis of the evaluation ejection data;

a curl-amount obtaining section configured to obtain an
amount of a curl of the recording medium on the basis of
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liquid-curl correlation information, the obtained amount
of the liquid for each of the plurality of evaluation
regions, and the obtained number of the liquid droplets
for each ofthe plurality of evaluation regions, the liquid-
curl correlation information representing a plurality of
correlations between the amount of curl, the obtained
amount of the liquid, and the obtained number of the
liquid droplets for the respective plurality of evaluation
regions, the plurality of correlations for the respective
plurality of evaluation regions being different from each
other;

a curl suppressing section configured to change the evalu-
ation ejection data on the basis of the amount of the curl
of the recording medium obtained by the curl-amount
obtaining section when a processing for suppressing the
curl of the recording medium is required, the curl sup-
pressing section being configured to change the evalua-
tion ejection data so as to change at least one of the
amount of the liquid and the number of the liquid drop-
lets to be ejected onto at least one of the plurality of
evaluation regions on the recording medium to suppress
the curl of the recording medium; and

a correlation-information storage section configured to
store the liquid-curl correlation information comprising
a first liquid-curl correlation value and a second liquid-
curl correlation corresponding to the amount of curl
based on a number of liquid droplets to be ejected for a
certain evaluation region of the plurality of evaluation
regions in a case when the total amount of ejected liquid
in the certain evaluation region is equal,

wherein the first liquid-curl correlation value corresponds
to a first curl amount that occurs when a first number of
the liquid droplets is ejected for the certain evaluation
region and the second liquid-curl correlation value cor-
responds to a second curl amount that occurs when a
second number of the liquid droplets is ejected for the
certain evaluation region,

wherein the first number of the liquid droplets is less than
the second number of the liquid droplets, and

wherein the first curl amount is less than the second curl
amount.

2. The liquid-droplet ejecting apparatus according to claim

1, wherein, where the amount of the curl obtained by the
curl-amount obtaining section is greater than a predetermined
threshold, the curl suppressing section judges that the pro-
cessing for suppressing the curl of the recording medium is
required.

3. The liquid-droplet ejecting apparatus according to claim

1, wherein the curl suppressing section is configured to
change the evaluation ejection data so as to reduce the amount
of' the liquid to be ejected onto at least one of the plurality of
evaluation regions by reducing at least one of the number of
the liquid droplets and a size of the liquid droplet to be ejected
onto the at least one of the plurality of evaluation regions on
the recording medium.

4. The liquid-droplet ejecting apparatus according to claim

1, wherein the curl suppressing section is configured to
change the evaluation ejection data such that the number of
the liquid droplets to be ejected onto at least one of the
plurality of evaluation regions on the recording medium is
reduced and such that a size of the liquid droplet to be ejected
onto at least one unit area included in the one of the plurality
of evaluation regions is increased.

5. The liquid-droplet ejecting apparatus according to claim

4, wherein each of the at least one unit area is an area defined
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by a resolution of the image to be formed on the recording
medium, such that one liquid droplet is ejected onto each of
the at least one unit area.
6. The liquid-droplet ejecting apparatus according to claim
1, further comprising a liquid-droplet-ejection-data produc-
ing section configured to produce the liquid-droplet ejection
data on the basis of image data based on which the image is
formed on the recording medium,
wherein the liquid-droplet-count obtaining section is con-
figured to obtain the number of the liquid droplets at a
point in time when the liquid-droplet ejection data pro-
duced by the liquid-droplet-ejection-data producing
section is transmitted to the liquid-droplet-ejection-data
storage section.
7. The liquid-droplet ejecting apparatus according to claim
65
wherein each of the plurality of evaluation regions is con-
stituted by at least one of a plurality of blocks defined by
dividing, into a plurality of areas, an area on the record-
ing medium on which the image is to be recorded, and
wherein the liquid-droplet-count obtaining section is con-
figured to obtain the number of liquid droplets to be
ejected onto the at least one of the plurality of blocks, at
a point in time when all liquid-droplet ejection data
corresponding to the at least one of the plurality of
blocks among the liquid-droplet ejection data produced
by the liquid-droplet-ejection-data producing section
has been transmitted.
8. The liquid-droplet ejecting apparatus according to claim
7, wherein the liquid-droplet-count obtaining section is con-
figured to obtain the number of the liquid droplets to be
ejected onto each of the plurality of evaluation regions, at a
point in time when the liquid-droplet-count obtaining section
has obtained the number of liquid droplets to be ejected onto
all the plurality of blocks constituting each of the plurality of
evaluation regions.
9. The liquid-droplet ejecting apparatus according to claim
6, wherein the curl suppressing section is configured to con-
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trol the liquid-droplet-ejection-data producing section to pro-
duce the liquid-droplet ejection data again such that at least
one of the amount of the liquid and the number of the liquid
droplets to be ejected onto at least one of the plurality of
evaluation regions on the recording medium is changed.

10. The liquid-droplet ejecting apparatus according to
claim 1, further comprising a pseudo multi-tone processing
section configured to execute a pseudo multi-tone processing
for the liquid-droplet ejection data so as to change at least one
of the amount of the liquid and the number of the liquid
droplets to be ejected onto at least one of the plurality of
evaluation regions on the recording medium,

wherein the curl suppressing section is configured to con-

trol the pseudo multi-tone processing section to execute
the pseudo multi-tone processing for the liquid-droplet
ejection data when the liquid-droplet ejection data is
transmitted from the liquid-droplet-ejection-data stor-
age section to the liquid-droplet-ejection-head control-
ling section.

11. The liquid-droplet ejecting apparatus according to
claim 1,

wherein the curl-amount obtaining section is configured to

obtain amounts of the curl of the recording medium
respectively for each of the plurality of evaluation
regions and determine a largest one of the amounts ofthe
curl, and

wherein the curl suppressing section is configured to

change the evaluation ejection data on the basis of the
determined largest one of the amounts of the curl.

12. The liquid-droplet ejecting apparatus according to
claim 1,

wherein the liquid-amount obtaining section is configured

to obtain the amount of the liquid to be ejected for each
of the plurality of evaluation regions on the basis of the
number of liquid droplets obtained by the liquid-droplet-
count obtaining section and each of the sizes of the liquid
droplets.



